Abstract. ghrelin increases hunger sensation and food intake in various patients with appetite loss. anorexia nervosa (an) begins with psychological stress-induced anorexia and some patients cannot increase their food intake partly because of malnutrition-induced gastrointestinal dysfunction. the effects of ghrelin on appetite, food intake and nutritional parameters in anorexia nervosa (an) patients were examined. Five female restricting-type an patients (age: 14-35 y; body mass index: 10.2-14.6 kg/m 2 ) had persistently complained of gastrointestinal symptoms and failed to increase body weight. they were hospitalized for 26 days (6 days' pre-treatment, 14 days' ghrelin-treatment, and 6 days' post-treatment) and received an intravenous infusion of 3 µg/kg ghrelin twice a day. ghrelin infusion improved epigastric discomfort or constipation in 4 patients, whose hunger scores evaluated by visual analogue scale questionnaires also increased significantly after ghrelin infusion. daily energy intake during ghrelin infusion increased by 12-36 % compared with the pre-treatment period. Serum levels of total protein and triglyceride as nutritional parameters significantly increased after ghrelin treatment. there were no serious adverse effects including psychological symptoms. we found that ghrelin decreases gastrointestinal symptoms and increases hunger sensation and daily energy intake without serious adverse events in an patients. although the present study had major limitations of the lack of a randomized, placebo-controlled group, nonblindness of the investigators and the small number of patients recruited, it would contribute to further investigations for therapeutic potential of ghrelin in an patients.
Ghrelin is mainly secreted by the stomach during starvation and it exerts a potent stimulatory effect on food intake and growth hormone (gH) secretion [1] [2] [3] . endogenous ghrelin and its receptors are involved in the regulation of food intake, adiposity, and gH secretion [4] . intravenous infusion of ghrelin is reported to increase food intake and body weight in healthy subjects [5] [6] [7] and to stimulate appetite and food intake in patients with congestive heart failure [8] , chronic obstructive pulmonary disease [9] , cancer [10] , and functional dyspepsia [11] .
anorexia nervosa (an) usually begins with psychological stress-induced anorexia and is characterized by fear of weight gain, starvation-induced abnormal behaviors, and a variety of biochemical and endocrinological abnormalities due to malnutrition. Chronic malnutrition induces both functional and organic changes in the gastrointestinal tract [12] [13] [14] . Most an patients complain of chronic or recurrent upper abdominal discomfort and fullness, and chronic constipation. Laboratory examinations of the stomach reveal atrophy of the mucosa, alteration of peristalsis, and denOTe and constipation for several years and had been treated with intensive pshychotherapy as well as supervision of dieticians. all patients had been admitted to undertake hyperalimentation therapy but then lost weight again. they had been motivated to gain weight, but could not increase their food intake, in part because of gastrointestinal discomfort. the study protocol was approved by the institutional review board of tokyo women's Medical university. all patients provided written informed consent to participate in this study.
Methods

Study design
due to ethical reasons, randomized controlled or blind methods were not applied for the present study. subjects were hospitalized for 26 days (day -6 to day 20) in tokyo women's Medical university Hospital ( Figure 1 ). Food intake and subjective hunger sensation were measured for 24 days (day -5 to day 19) . the pre-treatment period was defined as the 5 days before ghrelin injection (day -5 to day -1). subjects received an intravenous infusion of ghrelin (3 µg/kg body weight) for 5 min twice a day (before breakfast and dinner) for 14 days (day 1 to day 14) [11] . after ghrelin infusion, subjects were monitored for the clinical efficacy and safety of ghrelin for 5 days (day 15 to day 19) as a post-treatment period. since ghrelin at doses of 1 and 5 µg/kg tended to increase appetite dose-dependently and repeated administration of ghrelin at a dose of 3µg/kg increase food intake without severe adverse effects [6, 11] , we chose 3µg/kg of ghrelin in the present study. layed emptying time [15] . even after becoming fully motivated to gain body weight, an patients often cannot increase their food intake because of malnutritioninduced gastrointestinal dysfunction, and this delays recovery. Currently prescribed appetite-stimulating drugs such as metoclopramide, cyproheptadine, and sulpiride are not always effective, and any increase in appetite may be minor. therefore, there is a pressing need for effective appetite-stimulating therapies for an patients.
to develop a possibly new medical treatment for an, we investigated the effects of ghrelin on appetite, energy intake, and nutritional parameters in restricting-type an patients without binge eating/purging as a pilot study.
Subjects and Methods
Subjects subjects in the present study comprised 5 japanese female amenorrheic an patients aged 26 ± 8 yr (mean ±sd) (range, 14-35 yr) and mean body mass index (bMi) of 13.0 ±1.8 kg/m 2 (range, 10.2-14.6 kg/m 2 ) (table 1). Patients met the diagnostic and statistical Manual iV (dsM iV) criteria for an [16] , in addition to those of the survey Committee for eating disorders of the japanese Ministry of Health, Labor and welfare [17] . all patients had restricting an, and had never reported binge eating, vomiting or laxative/ diuretic abuse. all subjects were tested to be negative for Helicobacter (H) pylori. none of the patients had started medication prior to the trial. Four patients except for case 5 had complained of such as epigastric discomfort, abdominal fullness or pain after eating 
Measurement of biochemical and endocrinological parameters
blood and urine samples for biochemical and endocrinological parameters were taken in the morning after overnight fasting longer than 10 h on day -5, day 1, day 8, day 15, and day 19. blood samples for ghrelin assay were collected in tubes with 1 mg/mL edta2na and 500 u/mL aprotinin. they were immediately centrifuged at 4ºC, and plasma samples were then acidified with 1 normal HCl and stored at -80ºC until assay.
immunoradiometric assays were utilized to measure levels of plasma gH (eiken Chemical Co. , tokyo, japan) and serum igF-i (daiichi Pharmaceutical Co., tokyo, japan). Plasma insulin measurements were performed using an eLisa kit (eiken Chemical Co., tokyo, japan). Plasma levels of intact and desoctanoyl ghrelin were measured using active ghrelin and desacyl-ghrelin eLisa kits (Mitsubishi kagaku iatron, tokyo, japan), respectively.
Psychological assessment
depression and anxiety levels were evaluated using the japanese versions of the self-rating depression scale (sds) [19] and state-trait anxiety inventory (stai) [20] on day -5, day 1, day 8, day 15 and day 19, respectively. eating behaviors, weight, and body image concerns were also assessed by eating disorder inventory (edi) [21] on the same time as described.
Statistics
data are expressed as mean ± se. two-way analysis of variance (anoVa) was used for energy and nutrient intakes and for biochemical and endocrinologic data. appetite scores were analyzed by a wilcoxon
Ghrelin used in the present study
Human ghrelin was prepared as previously described [11] . acylated peptide was dissolved in 3.75 % D-mannitol to yield a final concentration of 180 µg/ mL. The solutions were filtered and stored at -20ºC in sterile vials. examination by the japan Food research Laboratories (Tokyo, Japan) did not find any traces of endotoxin in the ghrelin solutions. a pyrogen test based on the Pharmacopoeia of japan was also negative.
Assessment of food intake and attitudes toward food
the primary endpoint of this study was energy intake. Patients were initially served with an amount of food equivalent to their meals at home before hospitalization plus an additional 200 kcal. each dish was weighed before and after eating. energy intake was calculated by dieticians as total energy, carbohydrate, fat, and protein intakes. when subjects ate all of the food served and wanted more, they were allowed to eat self-prepared foods yielding approximately 200 kcal such as fruit or other snacks. their attitudes toward food were evaluated by a questionnaire incorporating visual analogue scales (Vas) rating hunger, satiety, prospective consumption, fullness, desire for some meat or fish, desire of something salty, desire of something sweet and desire of something fatty. during pre-and post-treatment, an patients answered Vas questionnaire at before and after every meal. during ghrelin treatment, they did at 15 min before ghrelin infusion and breakfast or dinner, 15 min after ghrelin infusion before breakfast or dinner, and after those meals. it is demonstrated that food intake correlates with perceptions of hunger and fullness as assessed by Vas in healthy volunteers [18] . Subjects were hospitalized for 26 days (day −6 to day 20) and subjective hunger sensation was measured for 24 days (day −5 to day 19). The pre-treatment period was defined as the 5 days before ghrelin injection (day −5 to day −1). Subjects received an intravenous infusion of ghrelin for 14 days (day 1 to day 14). after ghrelin infusion, subjects were monitored for the clinical efficacy and safety of ghrelin for 5 days (day 15 to day 19) as a post-treatment period. Blood and urine samples for biochemical and endocrinological parameters were taken in the morning after overnight fasting and psychological assessment was done on day −5, day 1, day 8, day 15, and day 19, respectively.
3, and 4). the daily fat intake during post-treatment period also remained higher than that in the pre-treatment period in 4 patients (cases 2, 3, 4, and 5). the increments of body weight in 5 patients were ranged from -1.5 to 2.4 kg during the ghrelin study (table 1) . Case 4 increased water and fat components evaluated by dual X-ray absorptiometry (data not shown).
Biochemical and endocrinological changes
Complete blood count did not change significantly during this study. serum total protein and triglyceride levels significantly increased after ghrelin treatment (table 2) . other nutritional markers including serum levels of transferrin and glucose showed a tendency to increase during and after ghrelin treatment, but this did not reach statistical significance. With the exception of case 4, in whom elevated transaminase levels due to malnutrition were improved by ghrelin treatment, liver function was stable over the study period.
Mean plasma levels of insulin and leptin did not increase significantly during ghrelin treatment. although the elevated plasma level of gH decreased and the suppressed serum level of igF-i improved during the study in case 4, other patients did not show a significant change in those parameters. Mean plasma levels of PrL and aCtH measured in the morning before ghrelin injection did not change significantly during ghrelin treatment.
we previously reported mean levels of plasma active and desacyl ghrelin in healthy young women as 29.9 ± 3.1 and 94.1 ± 7.5 pmol/L, respectively [22] . in the present study, the plasma levels of active ghrelin in an patients ranged from 13 to 73 pmol/L (mean, 42) before ghrelin treatment and then did not show a significant change. Plasma levels of desacyl ghrelin in an patients ranged from 80 to 731 pmol/L (mean, 280) before treatment, and then showed a tendency to decrease during ghrelin treatment.
Adverse effects
no serious adverse events occurred in all cases during ghrelin treatment. we did not detect any changes in vital signs or biochemical and endocrinologic data after ghrelin treatment. the only exceptions were loose stools in case 5 and an occasional  warm sensation in the trunk or mild sweating in 2 subjects. no patients developed somnolence during ghrelin treatsigned rank test comparing the changes in Vas. statistical analyses were performed using the computer statistical package sPss (version 13.0.; sPss inc., Chicago, IL). Levels of significance were determined at p<0.05.
results
Gastrointestinal symptoms and hunger sensation
after ghrelin injection, all patients except for case 2 reported that they had sensations of stomach activity or that their upper abdominal fullness disappeared. borborygmi were frequently audible just after each ghrelin infusion in all patients. during ghrelin treatment, no patients reported constipation. as case 5 complained of loose stools, the dose of ghrelin was reduced to 1.5 µg/body weight from day 7 to day 14 and this improved her symptoms.
Hunger sensation evaluated by Vas was higher just after ghrelin infusion than that before ghrelin infusion in all patients except for case 2 (Figure 2) . the stimulatory effects of ghrelin on hunger sensation disappeared after eating and did not last until next meal. only in case 1, hunger scores before breakfast or dinner during ghrelin treatment were lower than those during both the pre-and post-treatment periods.
Food intake and body weight
the mean daily intakes of energy, carbohydrate, fat and protein are presented in Figure 3 . the daily energy intake of the 5 patients during the pre-treatment period ranged from 825 to 1426 kcal. during ghrelin infusion, all patients except for case 5 showed a statistically significant increase in daily energy intake. The mean increase in daily energy intake during ghrelin infusion was 20 ± 4 % when compared with the pretreatment period. the mean food intake during ghrelin treatment in case 2, who did not report an increase in hunger sensation after ghrelin injection, significantly increased compared to that of pre-treatment. analysis of nutrients revealed significant increases in daily intakes of carbohydrate (in 3 patients; cases 2, 3, and 4), fat (in 1 patient; case 4) and protein (in all patients). during the post-treatment period, daily energy, carbohydrate and protein intakes remained higher than those in the pre-treatment period in 3 patients (cases 2, eFFeCts oF gHreLin in anoreXia nerVosa
Fig. 2. Changes in hunger evaluated by Vas in an patients
during pre-and post-treatment, an patients answered Vas questionnaire at before and after every meal. during ghrelin treatment, they did at 15 min before ghrelin infusion, 15 min after ghrelin infusion before breakfast or dinner, and after those meals.
Open circles (○), triangles ( △ ) and squares (□) represent the mean of VAS hunger scores for breakfast, lunch, and dinner during pre and post-treatment periods, respectively. Closed circles (•), triangles (▲) and squares (■) represent the mean of VAS hunger scores for breakfast, lunch, and dinner during ghrelin treatment, respectively. data are expressed as mean. * p<0.05 vs. before ghrelin infusion The mean of hunger scores before breakfast or dinner evaluated by VAS significantly increased after ghrelin infusion in all cases except for case 2. data are expressed as mean ± se. *p<0.05 compared to day 1. Open (□), closed (■) and grey (■) bars represent the mean of intake during pre-treatment, ghrelin treatment, and post-treatment periods, respectively. data are expressed as mean ± se. * p<0.05 vs. pre-treatment period. across the 5 patients, mean increase in daily energy intake during ghrelin infusion was 12-36%. energy intake in the posttreatment period remained higher than that in the pre-treatment period in 3 patients.
ment. in terms of psychological tests, sds and stai showed no significant change during the study, and edi did not show any increased fear of weight gain in these patients (data not shown).
Clinical course after discharge
all patients gained weight after discharge, as shown in table 1. in case 3, menstruation resumed 6 months after discharge.
Discussion
the present study showed that ghrelin infusion (3 µg/kg twice a day) can decrease gastrointestinal symptoms and enhance hunger sensation and daily energy intake without serious adverse events in restrictingtype an patients. the major limitations of the present study relate to the lack of a randomized, placebo-controlled group and non-blindness of the investigators and the small number of patients recruited. a nontreated group is not possible due to ethical reasons. although non-ghrelin infused subjects who receive intense counseling and supervision of dietitian might be considered as a control group, all subjects in the present study had already received those treatments as well as total parenteral nutrition during the previous admission but failed to increase body weight due to gastrointestinal symptoms. since the daily energy intake of post-treatment period was still higher than that of pre-treatment period, we could not exclude a placebo effect of ghrelin. However, we insist that 4 patients who failed in gaining body weight for long periods but they could increase their food intake during and after ghrelin infusion. it is speculated as the patients told us that ghrelin triggered an improvement in gastrointestinal function, which ameliorated the fear of gastrointestinal discomfort after eating in these patients.
ghrelin seems to improve gastrointestinal motility in an patients in the present study. it is notable that borborygmi occurred immediately after ghrelin infusion and that abdominal fullness or constipation disappeared in all patients. ghrelin plays a role in the regulation of gastrointestinal motility and acid secretion in rats [23] [24] [25] and increases the gastric emptying rate in normal-weight humans [26] . although we did not investigate gastric emptying rate in an patients after ghrelin injection, ghrelin improved epigastric discomfort. this was probably mediated partly through increased gastric peristalsis as shown in other diseases with gastrointestinal dysfunction [27] [28] [29] [30] .
ghrelin infusion increased hunger scores evaluated by Vas questionnaires of an patients in the present study. although an patients often report not to feel hunger or satiety sensation, hunger scores was higher just after ghrelin infusion than that before ghrelin infusion in 4 patients. since the sensation of hunger is usually correlated with gastric emptying in humans [31] , enhanced hunger sensation in an patients may be caused in part by ghrelin-induced gastric motility. However, the stimulatory effects of ghrelin on hunger score did not last until the next meal. we considered that the short-term effect of ghrelin on hunger sensation is related to its rapid degradation. the plasma concentration of ghrelin reaches the peak at 15 min after injection and rapidly decreases [6] . Hunger scores before breakfast or dinner during ghrelin treatment were lower than those during both the pre-and posttreatment periods in case 1. it is likely that abdominal fullness induced by the increased amount of food eaten in the foregoing meal during ghrelin treatment probably disturbed the hunger sensation on the next meal.
in previous reports, continuous or repeated ghrelin infusion increased hunger sensation and food intake in healthy volunteers and various patients with appetite loss. ghrelin infusion at a dose of 5 pmol/kg/min for 270 min increased food intake by 28 % in healthy young Caucasian volunteers [5] and by 31 % in middle-aged and elderly cancer patients [10] . ghrelin infusion (2 µg/kg twice a day) for 3 weeks increased food intake and body weight by 0.8 kg in elderly patients with congestive heart failure [9] , and by 1 kg in elderly patients with chronic obstructive pulmonary disease [8] . Moreover, in patients with functional dyspepsia, ghrelin infusion (3 µg/kg twice a day) for 2 weeks increased hunger sensation and food intake by 29 % without significant weight gain [11] . Since 1 kg weight gain requires 7000-8000 kcal, the increase in energy intake achieved for 14 days in this study was not enough to lead to any considerable weight gain. although case 4 gained 2.4 kg and showed remarkable improvement in nutritional parameters and malnutrition-related liver dysfunction, we believe that water retention during the refeeding period contributed to this weight gain [32] . a decrease in body weight of 2 patients (cases 1 and 2) during ghrelin study might be attributable to a decrease in malnutrition-induced fluid present 5 subjects reported increased sleepiness. we did not observe increased fear concerning weight gain, abnormal behavior, or unstable mental status owing to an increase in appetite during ghrelin treatment, and psychological tests did not demonstrate any significant change in mental state. the present patients who motivated to gain body weight felt happy to be able to eat after ghrelin infusion, and they were pleased to be free from uncomfortable gastrointestinal symptoms after this ghrelin study. it is notable that all patients gained weight after discharge.
in conclusion, we found that ghrelin decreases gastrointestinal symptoms and increases hunger sensation and daily energy intake without serious adverse events in an patients. a double-blinded, randomized, and placebo-controlled study is indispensable for developing ghrelin as an effective appetite-stimulating therapy for an patients. the present study would contribute to investigations for therapeutic potential of ghrelin in an patients.
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there were two reports about the effects of ghrelin on appetite in an patients. in one study, 5 pmol/ kg/min ghrelin infusion for 300 min had little effect on appetite in severely emaciated as well as weightrecovered an patients [33] . However, appetite was evaluated by Vas alone because the severely emaciated an patients refused to eat in the study. since it is well known that recognition of hunger and satiety in an patients is generally impaired, appetite cannot be always analyzed correctly by Vas alone. although 1 μg/kg ghrelin bolus infusion made AN patients feel hunger sensation in another study, their food intakes were not evaluated [34] . we therefore believe that studies aiming to investigate ghrelin as an appetitestimulating substance should recruit only an patients who are fully motivated to gain weight by psycho-educational therapy.
adverse effects such as abdominal discomfort, diarrhea, transient flushing, truncal perspiration, and somnolence have been reported after ghrelin injection [6] . two patients in the present study occasionally reported a warm sensation in the trunk and mild sweating. since case 5 experienced mild abdominal pain and several episodes of loose stools per day, we reduced the dose of ghrelin to 1.5 µg/kg, which improved these symptoms. no other serious physical or biochemical deteriorations occurred. Moreover, malnutrition-related liver dysfunction and endocrinologic abnormalities in case 4 were improved after ghrelin treatment. interestingly, ghrelin infusion increased somnolence in the study [33] , however, none of the references
